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A. General (C)

Spain achieved preminence in science during the
Renaissance and has shown some capability for
research during the present century, but the counti v is
now engaged in only a limited program of research
and developinent. It has fallen fur behind most of its
Enropean neighbors in the extent of s scientifie and
technological work and devotes less than 0.3% of its
gross national product to research and development
compared with about 1.5% of gross national product
in Frunce and West Germany. Under Ceneralissimo
Francisco Franco as Chief of State, Spain has made
lmpressive ceconomic progress, particularly during the
past 10 years and has become much more
industrialized and less dependent on agriculture than
formerly. In order to continue this progress, the
country will be forced to depend increasingly on
improved higher education and expanded scientific
rescarch and development, Currently, it is largely
dependent on foreign technology for technical
innovation in its industrial plants.

Several factors have impeded research, including
the lack of o broad industrial base (until recently),
insufficient funds for research, and a lack of
equipment and trained personnel. Spain has praduced
a lew good scienlists; the most outstanaing was
Santiago Ramon v Cajal, who shared the Nobel Prize
in Physiology and Medicine in 1906 in recognition of
his rescarches on newroanatensy. The isolation of
Spuin since the Civil War (1936-39) has had a harmful
effect on seience, Many scientists left the country
during the hostilities and did not return. One of these
is Professor Severo Ochoa, an outstanding biochemist
who became a U.S. citizen and subsequently & Nobel
Prize winner. A handicap to Spanish scientific research
is that the great majority of research centers are too
small to be effective. The universities are generally
weuk i research, and most of the rescarch effert ic
conducted in a few govemment centers, Industrial
research is incseasing bt is still inadequate.

The Spanish Government has shown a growing
awareness of the importance of scientific research and
development in furthering economic growth und has
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set up various commitlees to promote and coordinate
research aetivities. One objective of the Development
Plans has been to create an atmosphere favorabile to
technical innovation and to he improvement of the
country’s competitive position in warld markets. To
reach this goal, research und development efforts are
o be concentrated in applicd ureas, especially
agriculture, mining, and nuclear energy, but without
neglecting basic research. A considerable portion of
the government's research supporl in recent years has
been for the nuclear program, which is directed
toward nuelear power production.

Fondamental research in Spain presents a very
fragmented picture. Since fundamental  research
cannot be expected to show u financial profit, it has
been given some support primarily to improve the
prestie of scientific groups which have proven ability
based on past contributions. Biological research is
carried out almost exclusively in the rescarch; centers of
the Higher Council for Scientific Research (CSIC) and
in the university faculties of science, medicine, and
pharmacy. Chemistry rescarch is genersally the sector
which has been pursued the most avidly. Research in
physics and math. matics i limited in scope. The
physics of high- and low-cnergv nuclear particles is
probably the most developed area. One important
joint scientific group has been formed recently by the
Autonomous University of Madrid and the CSIC to
specialize in solid-state physics and high-energy
theoretical physics,

U.S. observers of Spanish scientific centers huve
stated that Spain will need to invest mose heavily in
scientific and technological rescarch if it is to compete
on an intermational economic level, an assessment
agreed o by the Spanish Government, Following the
recent emphasis on education as the government's
overriding priority, the country intends to cimphasize
seientific and technological development during the
next decade. Scientists and the country as a whole are
highly interested in forcign scientific cooperation,
especially with the United States. Also, Spain rexlizes
that it must have closer association with the
industrially more advanced countrics of the European
Common Muarket. A Cermun-Spanish scientific and
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technical cooperation agreement concluded in Apeil
1970 provided Tor exebange of information, exchange
of peronmel. joint projects. and  cummon use of
Factlitios

Spain paricipates onlv moderately ininternational
wientific affain. and a shortage of funds has limited
forcign traved. 1t is o embers of the United Nutions
and several of s speciabized agencies, sach as the
L nited Nadions Educational. Seientific, and Coltural
Organization.  Spanisle activities in interuational
organizations concerned with scienve or edocadion are
covrdinated in a Commissariat for Litemationa]
Scientific Cooperation unter the Ministry  of
Fducation and Science  Spai ¢ is a member of the
Internationad Union of Geodes and Geophisies, the
World Meteoralogical Oreanization, the International
Council for the Exploration of the Sca {1CES), the
International  Council of Seientific Unions,  the
tutermationat Fhvdrographic Burean, the International
Oceunographic Comtaission (100G and the Earopean
Space: Resvareh Ongantzation (ESROY although i
financial suppart of ESRO is limited. Spuin withdrew
{rom the European Nuelear Research Center (CERNL
brecause the Spaniards felt that they did not receive a
sufficient retern on their expenditures,

Spain las several teeaties for seientific and technical
Under a 1970
United Staves-Spanish Agreement of Friendship and
Cooperation,  which replaced a narrower 1933
agreemenl, progress is praceeding hetween the two
coniteies in several areas of scieatific cooperation. Fhe
United States s provided about USS3 million (or this
prograsn. The kargest single grant (USSS00,000) is in
support of & naw Insstitate of Moleeutar Biology. Other
areas involved are information sienves, automation,
aceanogre by, urban affaie, plant and  animal
discases, and air and water pollution. Spain has
cooperated with the United States in the stalfing and
operation of spaec-tracking facilities.

Itady. through its National Research Couneil, has a
bilateral agreement with CSIC Spain signed oo
agreement with Argentina in 1968 for caoperation in
seicatific wsearch and  provides limited  technical
asastance to Peru. Close relatas in scientific affain
between Spain and Franee have existed for a number
of vears. Io 1971 the Leonardo Torres Quevedo
Physies Research Center and the Freneh National
Office of Avrospace Stadies and Investigations signed
an agreement for seientifie collaboration in integrated
circoils and  mivroelectronics. Spain has  signed
agreerients for cooperation in the ficld of nuclear
energy with the United States, Canada, Brazil, Peru,
the United Arab Republic, and Portugal. The Nuclear

caoperation with variots countrics
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Faergy Buard (JENY Las concluded agreeinents for
vooperation vith paclen oranizations in Franee,
India. Belgivm, Halv, Argenting, aod Pakistan. In
carlyv 1973 it was reported that the Freneh
Gervernment, as an extension of its contitous efforts
to devedop closwe ties with Spain in matters relating to
nationud defense, has apreed to provide technieal
assistance to the Spanish Navy

B. Organization, planning, and financing of
research (C)

N ol scientifie rescarch in Ypain i conducted in
governent resesrel centers, especially inseven of the
Litrger centers. Ouby about T¢ of the natzon’s sesearch
in 1970 was dose in the univesities Ven few private
firms conduet research and  development an a
significant seale The povernment organizdion for
seientific research and des elopment is showa in Fgure
1 CSI1C in Madisid is the mast iimportant nrganization
involved e the conduet of scientific
Establisbed in 1939 to promote. direet, and coordinate
Spanish «cientilic rescarch it operates as an
autanomous bady under the Ministny of Fducation
and Science The CSIC ineludes representatives of the
univenities, the Roval Academies, the technieal
branches of the anued forces, and private rescarch
orranizations. The representatives are designated by
the Minister of Education and Science

The CSIC is orgunized into ecight patrunatos. or
fomndations. named after Bamows Spanish scholan ard
scientists. Each patronato has a number of institites or
research centens in specilic cubjects Four of the
patrenatos are concermed with scieatific and tecimical
sescarch and development. The Patronato Santiage
Ramon gy Cajal is concerned with cesearch in
biclogical and medical sciences: the Patronats Alanso
dr Herrera. oatard and agacultural wicnees; aod the
Patronate Mlfonse ef Sabio, mathematios, physics, and
chemistry. “The chief aim of these three foandations,
frequently refesred 1o as the Seience Diviston of the
CSEC, is to integrale the foundations concerned with
fundamental research in natusal scicnces into a single
unit. This was done to simphifs administration and to
coordinate reseurch activities to promote efficienes
and achieve better use of services, library acilition,
and laboratory equiprment and instrumentation. The
main fields of interest are medicine and  anirial
bioloey. ugricultural seiences and plant  biolopgy.
muthematies. physics, astronomy. and chemistry. The
fourth foundation of interest is the Patronato juan de
la Ciersa. which deals with scientific and technical
research. These fous patronatos supervise about 140
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FIGURE 1. Government organization for research and development, 1973 {C)

institutes, centens, departinents, and seetions, which in
1970 had o total employ meat of 3,596 persons

The depth and extent of the industrial and teehuical
vescarch with which the Patrenato fuan de da Cierra is
coneerned  throngh its institutes, departments, and
seetions, wnd its close contiet with Spanish incustry,
give it an importint position within the frasnework of
seientific and technical researel in Spain. The aim of
this patronate is to promote and develop industrial
andl technical research by carrving out researeh work
itsell in its own institutes and centers o by comdi-
aating and Tinancing the activity of other public
or private research centers. The foundation does not
play a direet role in formulation of nationad science
policy: hiowever, it exereises an important influez - on
the  organization and  development  of  industrial

AT
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reseirch, both by its scientific activities and by
messures which it takes 1o enhance the coordination
and financing of technological  research aetivities
undertaken by other bodies. Coordination acenwrs
through the existence of o Technical Advisors Couneil
at each institute or eenter of the fourndation. 1t s made
up of industeiulists aud qualified techmical personnel
representing the seientific and indost rial organizations
interested in the particular aetivity of the institwte or
center. The foundation hus about 13 rescarch centers.
tostly in or near Madrid, and numerous Eaboratories
distributed  throughout the comntry. The research
centers of this {foundation anganize congresses and
scientiflic: meetings at the  wational, local,  and
nteroationad levels 1o consider technical questions
relating 1o a particular specialty
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The Patronato Divga Saecedn, Fajardo does some  institntes and research centens in which research

work in geography. Three ather patronatos are progrims are Lo he condncted it alo suggests suitable
concerned with studies in the humanities. The CS1C coordination methods The Advison Commitiee has
has o duta processing center and publishes perodicals an added respomsibility of proposing measures tn
sumarizing the research conducted in the various  eneourage industrial sesearch. The  president andd

deputy president of this committes are appointed from
among the member of the CSIC The other members
of the committec are represeatatives of the Ministries
of Finance. Interior. Pullic Works., Education and
Science.  Agriculiure.  Industry, Commecce. and
Housing, and represeatalives of imporlant agencies
and  organizations coucerned  with research, The
Secrelany of the Advisonn Committee is the General
Secretany of the CSIC

A National Fund for the Develapmemnt of Svientific
Rescarch, set up in 18614, iv administered by the
Delegate Committee for Scientiie Polics and the
Advisory Commitiee for Scientific and Fechnical
the Delegate Committee for Scientific Policy, the Research. This fund provides financial support for
Advison. Committee for Scientific and  Teehnicad extrordinany purchases of seientific instruments for
Rosearch. and the Rescarel Committes of the  Bovernment and univenity rescareh centens. provides
Feonomic Development Plan. These committees are funds for cooperative scientific research  programs
impaortant in establishing scientifie poliey and in the ontside of the CSIC. and makes loans for rsearch

allocation of funds for rescarch :m(’ developinemt. The projects condieted by private fiems m collabogation
vith government rescareh centers

insitates. It maintains an awareness of rescareh done
in other countries and maindains extensive contacts
with certain 1.8, research conters. The CSIC also
anards sever] major prizes annuably for rescarch,

A governmental deeree of Fehruan 19649 was
designed to strengthen cooperation between the CS1C
and (he univenities and te provide for the
establishment of joint research centen ut univenitios,
These centens were to be devoted to research in
mathematios. physics, biochemistry, geology. biology,
physiology . amatomy . and velerinary seience

Spain has three aothorities whick wre conecmed
formally with scientific activities at the national level:

oL Delegate Committee {or Scientific Policy  was " | e hed
g et established in April 1968 0 guide and voordinute “”'”Lm("'lf“ " m151|\1ru\‘ e invalved .m
: rescarch. The Manistny of Education and Seience. in

government action in o manner that woubd promote
and encourge scicatific and technical research, to
formulate integrated long range plans. and to prepare
decisions on Dbudgelary alloecations for research
according to the provisions of the FEconomie
X Development Plan. The Delegate  Commiltee s
' prosided over by the Chief of Stnte. Members inelude
the Depaty Prisie Minister, the Ministers of Finance,
interior, Public Works, Education amd  Science,
Agricalture, lodustry. and Commeree, and the Under
Sceretaey adtached to the Prime Minister's Office. The

e
D

Research Commitiee of the Economic Development

addition 1o, its respomsibilitn for the CSIC 5
respumsible for sciemtific education and eesearch in the
universities  1n December 1968 the Minister of
Education and Science revrganized the Directomte
Ceneral of Higher Education and Research to provide
subdlirectarates of higher technival instraction and of
svientific rescareh and coordination and an office of
scientific sescarch and promotien. The latter office is
concerned primarih with encouraging research in
higher educational institiéons
The National Commission for Spaee Researcl

ot Plan, established in 1962, is important with respect 1o under the Ministn of A Force. promotes and
. seientific activitics. because it is a part of the c(mr.dm:llca space research. The Estaban l.(‘l:l;l(ltl.\
Economic and Social Development Planning National Institute for Acrospace Rescarch (INTA) at
) ) : y T sion! de 7 B ap) s e s
. Commission, which decides on the amount of funds to Torrcjon de Ardoz is an autonomous agency that uses
be allocated to research under the plan the facilities of the Ministry of Air Force but is
The Advisory Committee for Scientific and governed by u bourd that includes the Ministers of Air .
Technical Research is a service of the govemment and Force, Army, Nuvy, Industry, and Education and
is neither financially aor administratively autong.  Sciewee. The Ministry of industry is responsible for the
‘ mous. It aids in the formulation of government science &'fti,c‘lr Lm,_rg,\ 9""‘”“"“”_“' the Geological "f‘d
policy and plays a consulting role for the Delegate Mining Institute in Madrid, and the Industrial
Commitice for Scientific Policy and the Research (ioupc‘ruh\'o R‘vsourc!a Associations, A National
. “ommictee of the Economic Development Plan, both 0V neil for Agricultural Rescarch and Development.
of .\\‘!H(:]l rely h(z&Wl!}‘ Sm the Adv'su‘r-" Commitiee in For diacritics on place munes see the fist of names an the apon
H arriving at decisions. The Advisory Commitiee has no of the Summary Mop sad the snup itsedf in Ahe Canntry Peofile .
§ laboratories of its own, but it may recommend chaper. 2
. . a
%
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under the Ministry of Agricultare, adsises the ministn
on the direction and conedination ol research 10
apriculture and foresty . The Ministry of Agricultur is
sesponsible for the National lnstitute Tor Agricullure
Investiggations (INIA), the Animal Biology Founda-
tion. and the Institute of Forestrn Researelt and
Experimentation. Considentble msearch related
agriculture is done abo in CS1C Libortosies The
Ministny of Comnerce has under its supenisions the
Spanish Tostitute of Oceanographs. but the work of
this jnstitute is directed by the navy . Militees sesearch
is the responsibility of the Militany Resenrch Board,
which wso provides coordination between the CSIC
and the vesearch facilities of the Ministries of the
Army, Navyeand Air The Ministey of Army directs
the Ordiance Precision Workshop in Madrid. The
Ministry of the Navy has the Naval Iostitnte and
Obsenatory wl Sun Fernando and  the E) Prade
Hydrodvnamie Experimental Tank. Fhe Contee for
Technical Studies of Special Maderial (CETMIED,
Madrid, estublished under the Ministry of fndustny . is
concemned with the plans and project- pertaining to
weapons and aunitions

JEN s responsible for the Spanish nueleur ¢nengy
program. [t is dependent direeth on the Minisin of
Industry and is governed by o baard of directon,
including ministerial representatives and outstanding
seientists and industrialists. Its principal objectives are
o promute and supervise investigations involving
application of nuclear energy Tor national purposes,
particutady s directed toward the production of
nuclear power. JEN has o stafl of ubout 2,000,
including 300 university gracduutes. Mot Spanish
nuelear sesearch is cartied out jo the eseareh centers of
the JEN, particularby the Juan Vigon Nutional Center
af Nuclear Enerry near Madrd.  Somwe
research is conducted in the noivesities.

The severad royal acaderies constitute the {nstitute
of Spain. Fhe academies do not engage in scientific
research themselves, since their Juaction is only 10
promate science in general and o encourage ils
development. The academies of importance to science
are the Royal Academy of Exact, Physical, and
Natural Sciences; the Boval National Academy of
Medicine; and the Royal Academy of Pharmuacy, ‘The
Roval Academy of Esact, Physical, snd Natural
Sciences is basically a government consultative bady.
Beyond providing information o the government
when it is requested. it takes no pott in the formulation
of national scicnce policy.  Administratively ang
fianciadly, it is dependent upon the Ministry of
Eelucation and Science. The academy awards tree
scholamships cach vear and supports two univemity

nuclear

chuin—one for mathematical propramming theary
and the ather for nuclear reactor theors 1o addition. it
anards eight prizes cach vear. Although the acadean
has researeh peronuel in the form of seientific worken
and  technivians, most of them work in univenity
leboratories a1 in the laboruaries of the CSIC

The total nount of seientific researeh andertaken
by industrial organizations in Spain is suall. Most
companies camol suppost resear b and developmient
on asignificant seide An exeepton is the Madrid U171
laboratories of Standard Eleetric de Espana. bis 1970
budget was USSI 7 million, and the amount was
ewpected to dise to USS$2.3 million when its new
iborateries wese completed. A major portion of
expenditares for intlusteead rescarch in Spain is in sueh
industries s electricul  machinery, sotomobiles.
chemicals, and pharmaceaticuls. Some procress b
been made in establishing 1ndustrial Cooprrative
Research which function under the
direction of an excemtive couneil composed  of
represenlatives of member finns. They are finaneed up
to 3¢ by the government through the budget of the
Patronato frar de la Cierca, and industoy supplies the
rest of the support. Private industny supports some
research through contracts with the iostitutes or
centern of the patronatos: the Patronaio Juan de lo
Cierca detives o substantial porlion of its income from
sach coutructs.

Awsoctalions,

Several problems have arisen in connection with the
expansion of Spanish rescarch and with integtion of
rescarch into the Feanomic  Development Plan.
Scientisty  generally heen invited to
paricipate broadly in the planning process, Spanish
seientiflic personnel criticize industnn for its
unwillingness o support research. Industey, on the
ather hand, has u generally low cegard for the
scientific and technological eapabilitios of Spanish
research and develapment centers and looks to loreiygn
countries for technological innovations. In actualiny,
importation of foreign technology  bas plaved an
inportant role in stimalating the secent Spanish
ceonomie and industrial development. The Spanish
scientific community has been disuppointed in the
fuct that only about 153% of the funds requested for
scientific activities far the Second Development Plan
were actually included in the plan. Tt iy expected that
the Third Economic Development Plan (1972-751 will
mark a turning point doward substantislly greater
Spanish Government support for scientific research
and development. Emphasis is expected 1o be placed
oo ilization of naturad resources and on applied
industrial, agricultural, and biomedien reseusch.
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The total expenditure for research und development
is inadequate and has not kept vace with the growing
cconomy. Substantiad increases an funding are being
made, bt it is estimated that in 1971 expenditure
for rescarch and  development was USS70 - mil-
lion. or less than 0.23% of the gross national
product. A breakdown of govermment vxpenditures on
rescarch and development for 1967 v as follows:
agrculture, 17.4%: nuclear energy, 23,1 industn
and mining. 41.9%; science division of CSIC, 5.0%
other ministries, 73 and higher education, 5.1%
The tow] CSIC hidget Tas dsen from 313.9 million io
1964 (o $20.3 million in 1970, I 1968 the JEN had o
budget of $125 million, which was distributed as
follows  24% for fundumental wesearch, 46%  for
applied research, and 30% for developroent work.

The major portion of the research an-t development
requirements of Spunish industey is met by importing
foreign techunology through purchase of licenses and
by pacticipation of forcign corporations in Spanish
finms. Tn 1968 the excess of teelmological payments
over receipls by Spanish companies amounted to
US$97.8 million. Payvments increased from USS109.2
miflion in 1968 to $132.9 million in 1969 Thas the
amounts paid by Spunish industn for foreign
weehnology are about double the conatey’s total
rescareh and development expenditures

C. Scientific education, manpower, and
facilities (S)

Scientific education is readily available in Spain,
primatily at the 16 government-supported wmiversitics,
at severtl higher technical schools, and at a few
private universities. During the past 10 yean
engineering  education has changed  considerably
Many of the former highly selective special schoals
(escuelas superiores) for enginecring have beecome part
of the universitics. Student enrollments have increased
1o the extent that there is a surplus of engiveers in
some fields. The quality of scientific education is
reasonably goed but not outstanding. The Spunish
universities are weak in research and  graduate
education. The univewsities have little money for
research, and the professors are to engrossed with
teaching dutics to devote much time o research.
Graduate cducation in imost disciplines is prory
organized and poorly financed.

The educational system at all levels in undergoing
reforens, bul progress is stow. University professors, or
chair holders, have great independence and exert
considersble power over their assistants. A 1965 law
was dirccted toward introduction of a departmentat
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satesn, bat changes have bren resisted by the
professoss. The newly cestablished  autonomeus
univenities of Bareelona atd Maddrid have suceeeded
in introducing  wlorms more effectively than the
traditional wniversities. All state univesities have
faculties of science which are divided into seclions:
physics, chemistey, mathesmatios, and natural sciences
Most of the science faenblies have been established
during the 20th centurs

The percentage of students enrolling in cientific
studies is much smaller i Spain than in most other
Waest European countries. Eoroltments in the higher
techuical sehoa’s have increased, purticularly in such
ficlds as industrial, architectural, und  civil
enginecring. Gnly o few doctoral degrees are awarded
in the sciences by the wmivenities  Some of the
institutes of the CSIC pacticipate in postgraduate
programs by providing speciat counses and Jaboraton
facilites where students can work  toward  theirs
doctoral degrees. During the 3-veur period ending in
1970, a total of 1,135 doctorml theses was completed in
the centen of the patronatos of the CSIC The
Leonardo Torres Quevedo Phasics Research Cenler,
Madrid, of the Patronate Jruan de la Cierea offer
connes in clectronies, solid-state physics. and plasma
physics

There appeans to be an overabundant supph of
seientific and technical manpower for the limited
research and development pragam. Onh about 2% ol
the scientists and engineen are camploved full tiow in
theie professional fields  The number of personnel
emploved in rescarch centess inereased ool from
about 7.700 1n 1964 to S.000 in 1967, an increase of
approximately 4% The waluries ol rescarch workers
halding government positions are law. but the salan
levels of university teaching staffs have improved in
reeent vean,

Spain has abouat 200 official research centers which
belong to 14 different  ministerial - departments.
Official research conters are gererally very snull, and
only 2 of them employ more tian 230 scientists and
engincers; 7 employ between 30 and 250, and 47
between 10 and 30. The remaining 145 centers are
nearly all dedicated to the humanities and social
sciences. Research in industrial companies is carried
sut in about 300 labortories of various types, of
which only 6 employ a staff of 30 or more scientists
and engineers; cach of the remainder has fewer than
20 graduule staff members.

Spain has a few good research facilitics.
Qutstanding is the Juan Vigon National Center of
Nudlear Energy, which is of execllent design and is
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FIGURE 2. QOrganization of the National Institute of
Aerospace Technology (U/OU)

reeciving svstems support launch operations from the
site. The site has weteorological support facilities,
which include o 100-foot observation tower, a balloon
shelter, and mdio facsimile equipment.  Another
facility operated by INTA is the Grand Capany Space
Station at Muspalomas. This station is equipped with
a l-meter parabolic antenna that las been wsed Lo
track and communicate with U.S spacecraft in
NASAS Mercury, Gemini, and Apatlo programs
Although aperated by INTA. station smaintenance is
pedformed by ULS. technicians.

Ground  weapons research iy coneentrated  on
shoulder weapons and rocket development rather than
on tuhe adiilery weapons. Spain ha done rescarch on
tocket grenades, a combination hand grenade-mine, a
plastic antitank mine. aad does work oo weight
reduction of 66-. $1-. and 120-num mortars. By 1966
the Spanish had developed and experimented with a
series of [five surlace-tossurface rockets, which they
designated models C. D, £, R, and S. Three different
launchees were constructed wnd rocket regiments were
armed with six batteries of the C rocket and three
batteries each with the 12-2 and E-2 rockets. The
Spanish have maintained an aclive program lo modify
and impoove their systems and as a result have not
stockpiled a great quantity of single items for the
armed forces. Progress in anillery rocket svstem

development will continwe bat the conmntss is not
espreted  to advance i rocket  deselopment or
employ ment

Although Spain conbinnes to rely prissariby on
foreign eeseaveh and  development for progress in
modernizing  the arnn sy arnmor Snemton. ground
weapon production technology has improved as a0
result of the agreement of militars coopertling \iglu‘d
by Spain and Fraee in June 1970 This agreement
provides for copreduction of the Freneh AMN-30
(HO3-tamy gun) tank (Figare 34 which has simuthated
some rescarch andd Woliug projects for developrent of
capahilities and expansiar of focilities accessany to
carry out this program. Several plants, entirehy or
partially  owned by the government, and some
elements of private industny are pacticipating in the
preparations  for manufactuse and testing  of
components and for assembly of the Spanish Ary s
new main battle tank. In addition, beeawse of the
anticipated slow pace of AMX-30 tank praduction,
the country is exploring intedin measuges. e.g..
diesclization of the army’s M~IT tanks, to madernize
the armor inventory,

No significant research is done on quartermaster,
engineer, or transportation equipraent. Antomaotive
plants have laboratories and testing facilities but
motor vehicle researeh iy minimal.

CIA-RDP01-00707R000200090015-0
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Naval research and development are of minoz fuel reprocesang facility built and operated by tne
comwcuence. They  comist mainly of  esploiting meabers of the Nuclear Energs  Ageney of the
forciga *echnology to meel local needs Sueh work i Ocganization {or Economic Cooperation  aad
eomfined to the construction of frigate vr sunller size Desclopment. Spain was 1 member of the Suropeasn
vessels. The only indigenous reearch knowi to he Organization for Nuclear Rescarch (CERN) but was
widerwvay on naval weapens is direced o the foreed 1o sospend ity membenhip for cconomic
deveinpmen f smalb caliber deck annamemt ressomn. 1o 1972 Spain joined FURODIF. the French-

led proup which is studving the possibility of building

2. Biological and chemical warfare (C) w upaninm isotope separtion plat i Evrope using

the guseons diffusion prozess. Spain is abo a member
of the Assoctation for Centrifuge Enricliment (ACE),
which was established in May 1973 1o -tudy the
centrifuge process of ensiching aranium

JEN established o nationsl nuclear center, Centro
Nacional de Energia Nueleas Juan Vieon, oear
Mudrid. The work of JEN is divided into 12 divisions
devoted to all uspects of noclear rescarel The
divisions are grouped inta five directomtes: Geology
and Mining, Rector Physios, Botope Chemistny . Pilot
Plant and Industrial Applications. and Engineering
and Health Physies. The principal researeh facikities of
the Juan Vigan Center are s US-supplied, 3-megawatt
(MY swin cping pool tvpe reactor, JEN-1. which

No researeh an offeasive or defensive bialogical
warfare is known to he carried on in Spuin. The
countny depends on the neighbonng NATO member
nadions lo keep i infonaed on advancements in basic
rescarch and in the Lutest teehnological and scieatific
developments, FThere is only a limited capability (or
the development of chemical warfare  defensive
equipment, and there i no program {or rescasch in

. offensive materiel. Scienlists are aware of the nerve
acents labun., sarin, and somarn but have nei
conducted research on them,

: 3. Nuclear energy (C)

Spain has established o nuclear coergy program woent inte operation in 1958: CORAL-L, & zero power

devoted to eev el the utilization of pueleas raw  fast breeder eritieul experiment, and JEN-2, a 10-

materiols, and the applications of nueclear energy, kilowatt (kW) pool type reactor. Both reactons went

particularly for power. The country has been into epertion in 1968, Twa 10.5\W argonaut-hype

dependent apon some {oreign assistance but i research eeacton were constructed at the center and

inercasing its eapabilities for industrial participation  installed at the Industrial Engineesing Schooly at

in a growing ouclear power program. Although Spain Barcelona and Bilbao in 1961 and 1962, respectivels

luss not sggned the nuclear Non-Profiferation Treats. it The center also has pilot plants {or vranium ore

Tuas no plans to expend any effort on the development processing: production of heavy watee  nucleae-pure

of a nuelear weapon program. praphite. and uraniem metal, oxide and carbide; the

The nuclear energy program was begun in 1848, fubricalion of fuel elements; and the reprocessing ol

when a special commission was created to study the irrndiated fuel. These Facilities give Spain research and

application of nuclcar energy in Spate and to¥initiite  development experience in most phases of reactor

3 teaining programs. This led to the establishment of a construction and operoti . These are extensive pluns

: Nuclear Energy Board in 1951 to exrry out actual for nucicar power. Figure 4 gives locations and
. development; JEN is under the Ministry of Industry. tabulated data.

! The [lunctions of JEN include advising the While the fisst uranium doposits in Spain wese
; government on nuclear matiers, exploiting noclear rw discovered in 1939, a program for the exploitation of
Jz maderials, training personoel, pruducing  and wdlivactive matesials was not started until the Inte
o distributing radioactive isotopes, and construcling and 1940°s. Au extensive prospecling program is being

operating pilot plants and prototype facilities. One of sargicd out by JEN, and promising uranium ore

the mos! important tasks assigned Lo JEN is to promote  deposits have been loeated in a numbier of areas. Spain
a nuclear industry. With the growth of nuclear power,  is estimated to have reserves of about 8,300 short tons
in 1972 the Spanish Governmient promulgated a new  of recoverable uranium at less than US$10 per pound.

wnclear code, giving the Ministry ol Industry the A uraniwm ore concemtration plant, Fabrica de
central role in licensing and regulating nuclear power Uranio General Hemandes Vidal, went into operation

e, e -
IR PR T I e

r’« stations and  celated  industrial, seientifiz, axd in 1959 at Andujur, provinee of Jaen. Approximately
:i professional aclivitics, half of the known Spanish uraniwin ore reserve s :
& Spain is o memher of the lnternational Atomie  located in a cluster of deposits near Cindad-Rodrigo. )
;‘“ Energy Agenay and EUROCHEMIC; the lutteris a The government decided that the Ciudad-Rodrigo
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FIGURE 4. The Sponish nuclear power program (C)
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Figure 4. The Spanish Nuctear Power Program

Station Nume Power Date Statux
(A We) :
Zorits 1 153 1868  In aperation
(dose Cabrera)
Santa Maria de 400 1971 Do, !
Garona B
: Vandellos 500 1072 Doa. .
% Almarazel 100 1978 Under construction
s f.etnonii.1 900 1977 Da,
B Anco-1 900 1977 Da.
{v Almarar.2 900 1077 Do,
% Lemoniz-2 800 1978 Do,
. Asco-2 200 1078 Contracted
Cofrentes 975 1078 Do.
Zoritn-2{Bolarque 1000 1678  Planned
Zorita-3/Balarque 000 1981 Do,
Trillo-1 1200 1681 Do,
Tritlo-2 1200 1085 Do,
San Vicente do 900 na Da, R
Barqueta

ra  Datn not availabte,

n .
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project would be principally a state venture. o late
1971 Empresa Nacional del Uranio, 5.A. (ENUSA)
was established. ENUSA is inteeested in producing
enriched ucaniun and is the Spanish member of
CURODIF and ACE. which study the possibility of
building uranium isotope separatioe. plants in Europe.
The uranium thus far bas been povided by other
countries. A considerable wmonnt of plutoniam will be
produced in the Seonish nellear pow.or reactons, but
all will be subicet to safeguards limiting its use 1o
peaceful purpzoses.

4. Electrenics (C)

Spain has u limited eapability for electronics
research and devedopment. Most of the research is
dirceted towurd improving the production capability
of Spanish industry. The CSIC Natienal Institute of
Electronies (INE) zt Madrid has engaged in a veriety
of ninor rescarch programs. Oue of the primary
objectives has heen to reduce the dependence on
foreign technology. but only slight progress is heing
ntade, and Spain still ranks low compared with other
European countries. The institute has  developed
components for infrared and visible light applications
as well as communication and radar equipment.
Under a d-year cconomic development plan initiated
in 1972, the Spanish Govermnmenl carmarked
electronics and  telecommunications for priority
consideration. The planned production growth of just
under 23% predicates an annual increase of 23% in
Spain's electronies matrkels. This weuld pravide 2% for
esport and/or inventory development. Two other
Spanish organizations that have engaged-in electronic-
related research are the observatory at Ebro, which has
done tonospheric studies, and the Institute of Physics,
Madrid, which has done some thearetical work related
lo semiconductor junctions.

Spain has no domestic computer industry, and it
offers a rapidly growing market for U.S.- and West
European-produced computing svstems. However, the
local manufacture of peripheral equipment is being
accomplished, and the govemnment is encouraging
industry to cxpand its facilities for fusther
development and manulacture of such equipment.

5. Medical sciences (S)

Spain is limited by its modest financiul resourees to
a minor mle in medical rescarch, While the quality of
its senior medical researcl workers is excellent, the
country suffes from a shodage of scientific and
professional manpower and facilitics for training. The
medical schools emphasize teaching more than

tesearch. The country. nevertheless, is  proesently
muking a strong effort to expand research: judicious
planning is exercised in the use of government
subsidies to utilize wisely the very limited funds
available. Laboratory work is efficiently and sensibh
arganized for its practical return. Paoling of research
equipment is practiced 1o make it avaitalle to
personne! with related interests. Support for medical-
biological research is obtained from the U.S. National
fnstitutes of Health, the U.S. Department of
Agriculture, the World Health Organization, the
National Fund for the Developinent of Scientific
Research, and the Juan March Foundation.

Administration of fundamental research in
medicine and biology is assigned o the Santingo
Ramon v Cajal Foundation, which i an element of
the Seience Division of the Higher Council for
Scientific Research. The Center for Biological
Rescarch of this soundation has an Institute of
Histology: the Jaime Ferran Institute of Microhiology,
the Gregorio Manmon Institute of Metabolism and
Enzymology. and an Iastitute of Cell Biology. The
Institute of Histology also bears the nime Santiago
Ramon v Cajul and has & department of biophysies.
sections for cviology and eomparative histology,
clectron  microscopy. comparative  hearoanatomy,
neurobiology, and pathological anatomy of the
nervous system, and laboratories of developmental
genelics and histochemistry.

Competent microbioingical rescarch ranges in scope
from studies of plant and animal viruses to bacterial
genetics and the efficacy of bacterial and viral
vacaines. A new Center for Virology has been
constructed at the outskirts of Madrid. The Jainie
Fermn Instilute emphusizes the study of plant and
animal pathogens. Substuntial cantributions wie made
in foad hygiene and in the viral etiology of cancer.
Key rescarch personnel have spent time abroad in the
United States or the United Kingcdom to acquire an
understanding of the approaches laken to micro-
biological research in other countrics. World Health
Organization support is given to epidemiological
studies of virus disease of public health importance, to
study of methods of control ani prevention of enteric,
respitatory, and other viral diseases, and to provision
for vaining lacilities.

Spain does nor have a tradition of rescarch in
pharmacenticals. Conducting tescarch is a problem,
since Spain lacks experience, maturity, and qualified
indigenous personnel in the drug ficld. The
goveinment encoutages und fosters rescarch and
development by Spanish companies and by the
domestic' subsidiaries of foreign-owned firms, This is,
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however, a long-teem policy. and returns ase slow. The
Spanish Nucleas Energy Bourd is producing
radiopharmieenticals for research and therapy. The
Juan de la Cierva Foundation of Seientific Rescarch
has ctablished a Depavment of Applied Phar-
macology in Barcelona to investigate new drugs.
Allention is being given to atimospherie contuminants,
synthesis and trial of glycosides, isolation of satural
plant products. and synthesis of cazyme inhibitors,
The Max Plunck Society of West Germany ussists in
this work through exchange of professional personnel.
Biochemical investigations have been of a practical
nature, emphasizing studies of enzyme chemistey,
metubolism, preservation of fish and meat products,
and lyophilization of foads. The U.N. Educational,
Sciantific, and Cultural Organization has supported
the study of physical, chemical, and biological
characteristics of the sea. Spain has become interested
in the exploitation of yeast for the production of edible
protein, especiaily fodder.

Some effort is devoted to protection from
environmental hazards. ‘The Higher Council on
Occupational Health and Safety is promoting studies
on industrial health protection. Private research is
encouraged on environmental control. Good work is
done on mdioccology, espectally comtamination by
plutenium and uranium,

Military medical research is limited by lack of funds
and qualiflicd researeh personnel. The army’s Military
Medical School of application und its subordinate
Captain Tamon y Cajal Army Institule of Preventive
Medicine are the major medical rescarch facilities in
the armed forces. The school coordinates technical
cesearch for the anny, conducts surgical research, and
studies the applicatica of medical research to the
military medical services, The institute carsies out
research biochemistry, vpidemiology, hematology,
nutrition, radistion and radiation protection, and
tosicology. In the air force, the Instilute of Clinieal
und Aerospace Medicine is responsible for aerospace
medicine. The Spanish Navy has almost no capability
for medical rescarch, but it kas done work in
underwater  physiclogy ot the Submarine School
Training Cenler in Cartagena.

6. Other sciences (S)

a. Chemistry and mctallurty

Spain is mauking progress in chemical wsearch but is
not considered among the leuding Eurepean countries
in chemistry. The volume of published rescarch has
incrensed, but it still is small compured, with that
publishierl by France or Italy. Reséarch in all of the

CIA-RDP01-00707R000200090015-0

impoctant branches of chemistry is conducted in the
research  institutes of the CSIC and in seveml
universities. Rescarch in analytical and  organic
chemistry and in biochemistry is strongest. Francisco
Bermejo Martinez and associates at the University of
Santiago do extensive rescatch on the analbytical use of
chelating agents. particulatdy for spectivphatometric
determinations. The Juan Vigon National Center of
Nucleai Energy is concemed with the development of
analytical methods useful in connection with its
nuclear research. This ceater is active in vatious
aspeets of nuclear technology involving onganic and
physical chemistey, including production of uranium.
purification of weaniurn hexaffuoride by distillation,
sepuration of stable isotopes by lon exchange
techniques, and processing of reactor luels.

A moderate amennt of erganic chemical research is
done at several universities, including an increasing
amount of synthetic work. The strongest activity in
organic chemistry is at the CSIC National Center of
Organie Chemistry, Madrid, The Institute of General
Organic Chemistry, a part of this center, does rescarch
on alkaloids, terpenes, and pharmacologically active
synthetie compounds, including antihistamines, and
psychotropic agents. The [nstitute of Plastics and
Rubber, also pan of this center, is the leading
laboratory for high-polymer rescarch, and research is
in progress on vinyl polvmerizations, poly:rerization
of isocyanates, poly (phenylene oxide), and
polyimidas. The Univenity of Lu Laguna in the
Canary Islands specializes in the organic chemistry of
marine und other natural produets, The CSIC Antonio
Cregorio Rocusolano [nstitute of Physical Chemistry,
Madrid, is prominent in physical organic chemistey in
the study of organic reaction mechanisms, molecular
othital ealeuiations, and conformational analysis.

Spain has relativel little capobility in metallurgiea)
research and develog.ment. Although the metallurgical
research effort has increased during the pust few years,
the emphasis has been directed toward developine ¢
research capability in solving production problems in
the small steel and nonferrous metals industries. The
principal facility for metallurgical research is the
National Center for Metallurgical Investigations,
Madrid, under the Patreneto Juan de la Ciercu.
Research there has been concerned with ore
enriclinent, steelmaking operations, foundry technol-
ogy, corrosion studies and welding, with particular
emphasis upon thie development of optimum casting
conditions for the elimination of defects in aluminum
and coppei alloy castings. The only higher
ceducational facility that does significant metablurgical
research is the Department of Metal Physics at the
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Higher Technical School of Industdal Engineering in
Sun Sebastian. Work here has included the continuous
costing of steel. nondestructive testing of steel
products, and the cvelic torsion testing of stainless
steels at elevated temperatures.

Very little rescarch is done by industey. The small
metallurgieal industry is dependent on foreign
technology. which is supplied by U.S. and West
Cenman firms that have financial interests in Spanish
industry. For example, U.5. Stecl Corporation has just
cntered into an agrecment to ouild a large steel plant.
and U.S. Steel is to have a 25% interest in the planned
mill, which by 1950 is to have an annual capacity of
about 6 million tons.

h. Physics and mailiematics

Althotigh physies researcly in Spain is l.ted in
breadth, certain areas are stressed beeause of their
importance to cconomic development of the country.
Mujor emphasis is placed on the nuclear sciences, and
apabilities are growing rapidly in nuclear technology.
Some progress has heen made in solid-state physies,
Fandamenta) rescarch is pursued primacily in the
universities, and a major portion of this rescarch deals
with high energics, because it is felt thut high-energy
resenrch provides an element of scientific prestige.
Approximately 12% of all research efforts devoted to
the natural sciences is related to physics, and
approximately one-half of this deals with nuclear
physies. [n the category of high-encrgy nuclear
physies, the subjects studied include inclustic processes
and scattering wmplitudes, muon capture, hyperon
decays, and. hadron interactions, The high-energy
reseatch ot most of the Spanish univessities is
approximately 5 years behind research done hy
physicists in more advanced European countries.
Other nuclear plivsics research is of an applicd nature
which supparts reactor development or contributes to
the production and application of radioactive isolopes
for industry, medicine, ‘and agriculture. Also, some
studies are made of spectroscopic factors of nickel
isotopes.

Solid-state physics absorbs approximately vne-fourth
of ihe physies research effort. During the past few
vears significant progress has been made in improving
capabilities for growing thin films, particulady silver
on geaphite, ut the Leorardo Towes Quevedo Physics
Rescarch Center. JEN and the Universities of Madrid
and Valladolid study thermoluminescence, interlayer
forces of graphile crystals, and ferromagnetic
materials. Some modest programs for studying
lasers and masers are undenwvay.at the Complutensian
University, Madrid, where physicists ure investigating
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power levels of optically pumped sodium atoms for
their laser actioa. Gther limited research progratms are
underway in  magnetobydrodynamies (MHD),
plasma, and acoustics. The plusma and MED
programs are pursued at the Science Faculty of the
Univensity of Madrid, whereas thie acousties work is
done at the Lconardo Torres Quevedo Center.

Ondy a small amount of mathematical research is
perfermed in Spain. despite an apparent abundance of
truined mathematicians. Malhematical publications
typically treat subjects of primarily academic interest
and are often Targely expository. Recent publications
touched several major branches of mathematics, but
anly quite selectively: publications in algebra stressed
category theory, and those in analysis stressed aincasure
theory. Other branches touched upon included
geomelry, probability, operations research, and
mechanics of particles, ‘There seems to be Ettle activity
in numeseal analysis and exlatively little with
differential equations. Thus, applied mathematics is
weak, indicating o gap between science and industry.

Little recent information is found conceming
compuier. probably because computing is still at a
low level. the University of Madsid and the
University of Bilbao have been reported to have fairly
modern electronic computers, but there s little
evidence of their use.

c. Astropeophysical sciences

(1} Astronomy and meteorology—Astronomical
observatories and osgsnizations associated wilh
astronomical activity are relatively numerous, but
observing cquipment is poor. and the tesearch
pedormed is not of international significance. The
leading city in astronomy is Barcelona. [nstallations
include the Fabra Astronomical, Meteorological, and
Seismic Observatory, the observatory at the University
of Barcelona, the principal activity of which is solar
observing, and the Comus Sola Observatory. An
observatory at madrid makes routine solar abser-
vations and colleets und publishes summaries of the
solar data scquired throughout Spain. It also makes
determinations of the positions and orbits of asteroids
and comets and conducts research on double stars and
in stellas spectroscopy.

The Naval Jnstitute acd Obscrvatory, San
Femando, works in positional astronomy, but it i
known principally for the annual publication of
Astronomical Ephemerides, which is on 2 par with the
American Ephemeris and Naitical Almanac.

Other observalories at which astronomieal,
principally solar, ohservations are made include the
Seminary of Astronomy and Geodesy of the University
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of Madrid und sevem ohservatories assaciated with
the Patronato Alfonso ef Sabio

The National Meteorological Service wnder the
Ministry of Air includes the Nationa) Institute of
Meteorology, the National Ceater far Weather
Forecasting and Analysis, and the Central Office of
the Spanish Metcorological Service. Meteorological
Research, hoth pure (such s theoretical dvnamic
nmeteorology uncl physics of the air) and applied {such
as climatological studies, aeronantical, and maritime
meteorelogy) is the primary responsibility of the
rescarch section of the institute. It also conducts
intensive rescarch in agrometeorology. The Center for
Weather barecasting and  Analysis includes o
commumications facility and sections for acealogy,
aeronautical meteorology, climatology. and maritime
meleorology Spain is making progress in developing
methods of automating ineteoralogical observations
and techuigues for antomatic coding transmission and
decoding of data. Processing of duta, error checking
stadistical analysis, and graplucal presentation of
weather information is done routinely by computer.

(2} Verrestrial geophysics and  peology— The
Patronate Alfenso el Sabio sponsons & National
Institute of Geophysics in Madrid. The Obse dory of
Cosmic Physicos. Ebro, conducts geomagnetic and
tellurie cureent research and  does some work in
seismology. The Malaga and Toledo scismic stations
are units in the Worddwide Network of Standurd
Seismograph Stations of the U.S. Coast and Geodetic
Survey.

The National Commission of Geology in Madrid
studies 1he tnternational aspects of geology. The
Geologieal and Mining tustitute of Spain, also in
Madrid, is responsible for geological and mineral
resource mapping. The Locas Mallada Institute of
Geologicul Rescarch in Madrid conducts research in
geochemistry, paleontology. and petrology, and it also
has a Scction of Stratigraphy at the Universily of
Granada.

The JEN is active in geological research related 1o
uraniumy  prospecting. 1o addition to conducting
extensive ground: hased geological and minerlugical
research, in 1969 it begue an airberne radiometric
survey of northera Spain, While technical capabilities
are good, they lag behind those of conntries most
advaneed in these aspects of nuclear technology.

(8) Space sctence and ueronomy—While Spain
tukes some part in the uctivities of the European Space
Research Organization (ESROY, it is of significance to
interational spuce research principally in that it
provides sites for several key space tracking facilities,

As purt of the NASA manned spaceflight network,
INTA und NASA huve since 1960 jointly opernted a
space lmcking and communications Mation located on
the Maspalomas Coast of Grand Canary Island. INTA
and NASA have also operated jointly theee stations of
the NASA deep space network, which are equipped
with 85.fvol parabalic antennas. In Juse 1972
comlruction by NASA und INTA of a 210-fout decp
space tracking antenna was begun at a site about 40
miles west of Madrid: this was 16 become operational
in {973,

Spain’s onlv £ seasch rocket kaunch facility is
located on the Atlantic coast. Its first use was in Jate
1966 for the NASA-aided Spanish Lunching of o sedes
of British Skua and U.S. Judi-Dart meteorological
tackets. Rocket Launchings have been made to study
upper wtmospherie winds and temperdure and to
study the ionosphesic absorption of radio waves in
cooperation with the Max Plunck Institute of West
Germuny. INTA has under development u single-
stage. solid-propellant sounding rocket, the INTA-
255, having a ceiling of 150 km. Initial test flights
oveurred in 1969. A peojeet 1o develop a lwo-stage
rocket to reach 300 km was to have begun in 1971

(4) Geodesy—Geodetic capabilities in Spain are loss
than those of other European countries. Researeh has
been roatine, and practieally no effort has been made
to improve geodetic methods and instruments. The
stress placed on the improvement of the basic geodetic
nets has hindered research. The country has been
Fairly active in triangulation and leveling, but only a
small past of this @divily is actual research. Current
stuclies are refutedl te instrumental observations and
methods of cobuputing and of adjustment.

The Spanish dfe active in the preparation of
programs foz the electronic processing of geodetic data
as a eplacesnent for conventional computing
methods. Reeent work has included the development
of u computer program for the frec geometric
adjustment of the first-order nets in Spain and
Portugal. Projects have been carried out ow
triangulation, baseline, and precise leveling
measurements, finst-order ties with Portugal, and
completion of the Spanish portion of the United
European  Leveling Net by computing adjusted
elevations, A revision of (he geadetic tie hetween the
French and Spunish fundamental nets has also been
aceomplished. Studies have been made in the ficlds of
geomagnetism, acronomy, and for the absolute
determination of the deflection of the vertical by
gravimetric methods. Activity in geodetic astronomy
has been devoled 1o the determination of astronomiv
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positions Lo establish the proper orientation of the fint-
orcder trisngulation network.

The Ceographic and Cadastral Lostitute in Madsid
is the official civilian geadetic and cartographic
ageney. [tis under the general technicad supervision of
the Supreme Geographic Council. Durug the past
decade. the intitute modemnized its facility and has
been zealous in adopting medern trchniques and
methads for surveving and mapping programs. The
Ammy Geographic Service in Madrid is the official
ageney for geodetic und cartag iphic work required Iy
the Spanish Army

(3¢ Nysdrology and hydraufics—Hydrologic and
hydraulic research progrims continue o expand and
impzove. They are mostly of an applied nature and are
managed by well-trained  engineers. Hydrologic
rescarch is concerned primarily with the exploitation
of waler resources. Numerous compreliensive
programs are conducted to locate ground water and
areas suitable for imdgation and o record stream
regime data. Uydraclic research is bused prisnariiy on
model investigations to determine the best designs and
locations for weirs and Jor gates and spillwayvs of dams
aud to resolve poblems concerning sitiing  and
scouring in riverbeds. These experiments are
conducted primarily at the Hydrulic Laboratosy in
Madrid. Four outher hydraulic laboratories are in
Bilbaa, Zamora, Seville, and Madrid.

Spunish  hydrologists and  bydrautic engineen
cooperale with foreign institutions and are active in
international hydraulic onganizations,

{6) Coastal research and occanography—The level
of activity in coastal rescarch has remained lower in
Spain than in most other countries in Western Eurnpe.
The greatest activity is concentrated in government
agencies and officiutly sponsored institntes rathes than
in ccducational institutions. Coustal research uctivities
are concerned primarily with coustal and harbor
protection and port design. sedimentation, tides,
seismic refraction, currents, eddies, shoreline and
estuary changes, and fresh water for coastal
communities. Research on control of bYeach erosion is
embryonic at hest as are investigations on coastal
water pollution.
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Occanographic activity i at a lower level than in
the majority of the ather conntries of Western Eurape
Recent interest, however, indicates a posibility of
some growth. Oceanographic capability is approsi-
mately at the same fevel as that of Portugal but fas
betow that of France and the United Kingdom. The
strongest field & biological oceanographn Fhe
Spanish hope ta inerease the development of fisheries,
particularhy i Spanish constal waters and the waters
surrounding the Canary Islands. bt the lack of
adequate equipiment, finds. und  marine science
cducational and training  Facilities precluctes any
significant expansion in research in the foreseeable
future. The Spanish Government has shown litthe
nterest in oceanographic research However, the
acquisition of the new  30-met-s  multiperpose
oceanographic ship Jose Comide de Saavedra in 1970,
at a cost of USS600 million, by the Merchant Marine
office. Spanish Institule of Ocennograplis. and the
Institute of Fisheries  Investigations  increases
capability {or oceanographic duta collection and
fisheries research. The vessel was outfitted  wilh
US5300 million worth of sciemific eynipment. Mast
Spanish aceanographens are voung and have receis ed
their advanced cducation in other West European
coundries ana the United States.

Most of the oceanographie researeh is carsicd ant by
the Spanish Instituts of Qecanogruphy, Madrid. and
the Institute of Fishery Investigations, Barcelona.
under the Juar de la Cierva Foundation for Scientific
and Technical Investigation of the Spanish Ministry
of Education and Science. The lostitute of
Oceanography has branch laboratosies at Malaga.
Palma, Santa Croz de Tenerife, Santander. Vigo, and
San Sebastiun. Laboratortes of the Institute of Fishery
Investigations are at Blines, Cadiz, Castellon de la
Plana, and Vigo, The Navy Hydrogrphice Institute,
Cadiz, has established an Oceanography Section. A
Spanish  Oceanographic Duia Center has been
established and has baew combined with the facilities
of the Spanish Institute of Ocennography.

Spain signed an sgreement with Portugal in 1971
for veeanographic research in the Atlantic Ocean
extending from the Bay of Biscay to the Canary
Islands.
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